A b s t r a c t Although the shorebirds (Charadriiformes: Scolopaci and Charadrii) are among the most thoroughly studied bird orders in Central Europe, no precise key for the identification of their skulls was available. This paper seeks to remedy this lack by presenting a dichotomous identification key for 38 species of shorebirds from Germany. Photographs and biometric measurements of the skulls are included to support the identification process.
Introduction
Although the shorebirds (Charadriiformes: Charadriidae and Scolopacidae) are a special focus of ornithologists, an identification key for the skulls of this group still does not exist for Central Europe. As part of a graduate thesis project at the University of Konstanz (SCHÄFER 2014) , the skulls of 38 German shorebird species were measured and analyzed in terms of functional anatomy and feeding behavior. Based on the underlying data and measurements, a distinction can even be made between skulls of closely related species. In this paper, we present a dichotomous identification key. In addition, we include supportive morphometric data and illustrations.
The skull of the Charadriiformes is characterised by the well-developed rhynchokinesis of its bill ( HOERSCHELMANN 1970 , GUSSEKLOO et al. 2001 . According to this the bill is schizorhinous or -rarely -secondary holorhinous (but in Pluvianidae and Burhinidae probably primary holorhinous) (MICKOLEIT 2004) .
As mentioned in ELLROTT & SCHMITZ (2010) , the skull identification key presented in BROWN et al. (2003) includes general skull types and the bill-cranium-ratio and was supplemented with illustrations and some basic morphometric data. Unfortunately, the number of specimens examined was not specified (except when only one specimen was available). The illustrations were not very detailed, not suited to comparing species, and some important species were missing. JANSEN & VAN GESTEL (2009) present the following measurements on their "skullsite": total length, length, width and height of cranium, upper bill length, skull relation (total length/upper bill length). The photographs are clear and informative. Unfortunately, the measurements are taken from just one specimen in each case. In addition, despite the enormous number of species included, some Central European species are missing.
Because Germany has a good cross-section of the Central European fauna, we based our analysis on the species list in BARTHEL & HELBIG (2005) , but excluded very rare species in order to keep the identification key practical (see section 2 under "Species selection").
Materials und Methods

S p e c i e s s e l e c t i o n Species selection is based on BARTHEL & HELBIG (2005).
From the 61 shorebird species listed in this paper, we included 38, because the others are classified as vagrants with an average of less than five records per year since 1980. M a t e r i a l s The skull material originates mainly from the NIKOLAUS Collection (Stuttgart State Museum of Natural History). We also used specimens from the SCHMITZ Collection (University of Konstanz) and the collection of the Osteology Department of the Baden-Württemberg State Office for Monuments and Antiquities (Landesdenkmalamt Baden-Württemberg -Arbeitsstelle Osteologie) in Konstanz (particularly for skulls of Numenius phaeopus). We requested thirteen other collections to send us specimens of shorebirds, however none were available.
Of the 38 species selected, we analyzed ten specimens each, all of which met the necessary condition, i. e. no damage that could prevent proper measuring. An effort was made to maintain a balanced sex ratio in selecting the skulls. In contrast to the Anseriformes (cf. ELLROTT & SCHMITZ 2010) , shorebird skulls are less common in collections. For the following species, less than ten specimens could be included: Burhinus oedicnemus (9), Numenius phaeopus (9), Tringa glareola (9), Himantopus himantopus (8), Calidris canutus (8), Actitis hypoleucos (7), Limicola falcinellus (6), Calidris temminckii (5), Lymnocryptes minimus (4), Calidris minuta (4), Tringa nebularia (4), Tringa ochropus (4), Phalaropus fulicarius (3), Tringa stagnatilis (3), Charadrius morinellus (2), Calidris melanotos (1), Phalaropus lobatus (1), Calidris maritima (1) (see Tab. 1 for the nomenclature).
For photographic documentation, we chose those individuals that were most representative (i. e. with measurements close to mean values).
A b b r e v i a t i o n s a n d m e a s u r e m e n t s The morphological terminology is based on BAUMEL & WITMER (1993) , JOSEPH & STRAUCH (1978) , KING & MCLELLAND (1978), and HUMMEL (2000) . The skulls were measured as follows (see also Figs. 1a, 1b, Tab. (Fig. 4) (Fig. 14) Fig. 3 ), UBL > 32 mm (Fig. 17) . .......Pluvialis squatarola 10 Ventral orbit edge closed, i. e. fusion between lacrimal and postorbital process (Fig. 6) (Fig. 21) (Fig. 22) (Fig. 45) Fig. 10) (Fig. 30) (Fig. 28) (Fig. 35) (Fig. 29) (Fig. 32) (Figs. 12a, 34) (Figs. 12b, 33) (Fig. 39) (Fig. 42) 
Discussion
If indicated for a given specimen, an effort was made to maintain a balanced sex ratio in selecting the skulls. One noticeable sexual dimorphism in skulls has been identified for the genus Numenius (cf. GLUTZ VON BLOTZHEIM et al. 1986 ). In this case, the crania of the females are larger on average (CW and CH), and they tend to have longer bills (UBL) than the males. However, because the smallest skull of the larger species (Numenius arquata) was still larger than the largest skull of the smaller species (Numenius phaeopus), this sexual dimorphism was irrelevant in terms of identification. A sexual dimorphism has likewise been reported for the related genus Limosa (GLUTZ VON BLOTZHEIM et al. 1986 ), but is less pronounced. Although the skulls of Limosa limosa and L. lapponica overlap morphometrically, other characteristics can be used to distinguish between these two species.
Species in the genera Calidris and Charadrius are not easily distinguishable. The smaller Calidris species, as well as Charadrius dubius and Ch. hiaticula can best be distinguished using a combination of morphometric data. Skulls of Ch. dubius are generally larger than those of Ch. hiaticula, but a more precise distinction still is difficult.
Lateral extensions on the basal end of the fronto-nasal hinge were identified as taxonomically relevant structures. However, their morphological function has yet to be determined. This characteristic appears in all the Calidris species included in this study, but also in Philomachus and Tab. 2. Skull measurements (in mm) of 38 Central European shorebird species (max = maximum, Ø = mean, min = minimum, SD = standard deviation). For abbreviations see section 2 and Fig. 1b .
Limicola. The idea that Limicola is closely related to Calidris is further evidenced by the similarities in the behaviour and habits of the two genera. Our morphological analysis of the skulls supports the theory (GLUTZ VON BLOTZHEIM et al. 1999 , JOSEPH & STRAUCH 1978 ) that even though Philomachus is similar in its habits to the shanks and tattlers (Tringa), it more probably is related to Calidris. 
